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(54) Gear selection arrangement 



(57) A gear selection arrangement in which in a hy- 
brid vehicle with an electric motor that motor is used as 
an independent drive means in order to provide a bal- 
ancing torque upon an input shaft to a speed change 
transmission 13 in order to compensate for gearbox 
torque loss as a result of friction and lubrication etc. By 
such means, when the transmission 13 is in a neutral 
state the electric motor 1 can ensure that the Input shaft 



6 to the transmission 13 is always at a rotational speed 
below that of the main shaft from the transmission 13 
such that irrespective of the actual gear ratio change ef- 
fected by the transmission 1 3 the synchronisation proc- 
ess is that substantially of a downshift gear ratio. In such 
circumstances, the input shaft 6 must always accelerate 
to the main shaft desired rotational speed rather than 
vice versa. 
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Description 

[0001] The present invention relates to a gear selec- 
tion arrangement and more particularly to such an ar- 
rangement configured to provide smoother gear ratio 
changing as perceived by a driver of a motor vehicle. 
[0002] It will be understood that the concept of gear 
shift feel relates to the driver perceived smoothness and 
displacement clarity of each individual gear shift. In par- 
ticular, it will be understood that the magnitude of the 
forces transmitted through the gear selection arrange- 
ment during selection and engagement of a change 
speed transmission significantly affect the driver per- 
ceived smoothness of gear change. 
[0003] It is known once synchronisation in a transmis- 
sion between an input shaft to the speed change trans- 
mission and a main shaft has been achieved that it is 
possible for a secondary velocity differential to occur 
across the synchroniser element. One cause of such 
secondary velocity differential is the drag torque acting 
on the input shaft to the speed change transmission. 
[0004] These secondary velocity differentials can re- 
sult in a phenomenon known as partial clash. Partial 
clash produces an audible acoustic noise from the 
speed change transmission in the fonn a disconcerting 
crunch. Furthermore, relatively large forces are trans- 
mitted through the gear selector linkages which tend to 
displace a driver's hand from the selector gear knob as 
a whip action. Clearly, both the audible noise or crunch 
and driver hand displacement reduce driving pleasure 
and vehicle refinement. 

[0005] It is an object of the present invention to pro- 
vide a gear shift selector arrangement which can pro- 
vide for smoother gear changes and therefore improve 
driving pleasure and vehicle refinement. 
[0006] In accordance with the present invention there 
is provided a gear selection an-angementfor a motor ve- 
hicle, the arrangement comprising a clutch arranged to 
selectively couple an engine drive shaft to an input shaft 
for a change speed transmission in order to drive a main 
shaft coupled to that transmission, the arrangement 
characterised in that the input shaft is associated with 
independent drive means and the arrangement includes 
a controller coupled to the independent drive means and 
to respective sensors to determinewhen the clutch does 
not couple the engine gear drive shaft to the input shaft 
and the rotational speed of the main shaft in order that 
the independent drive means can alter, when the clutch 
does not couple the drive shaft to the input shaft, and 
the speed change transmission does not couple the in- 
put shaft to the main shaft, the rotational speed of the 
input shaft is below a desired speed for synchronisation 
to couple the input shaft to the main shaft and so is al- 
ways equivalent of a downshift gear change. 
[0007] Typically, the independent drive means will be 
an electrte motor. Furthermore, the independent drive 
means will alter the rotational speed of the input shaft 
in the speed change transmission neutral state whbh is 



typically In the order of 200 milliseconds. 
[0008] Generally, the desired input speed will be in ac- 
cordance with the following relationship: 

^ XI = N. XM 

wherein 

10 Xt = desired input speed. 

N = gear ratio of the speed change transmission. 
XM = main shaft speed. 

15 

[0009] Furthermore, this relationship will be stored 
within the controller as a memory map. 
[0010] Normally, the input shaft speed will be deter- 
mined by a controller through sensing the back EMF 
20 from an electric motor used as the independent drive 
means associated with the input shaft. 
[0011] An embodiment of the present invention will 
now be described by way of example only and with ref- 
erence to the accompanying drawings in which:- 

25 

Figure 1 is a schematic illustration of a gear selec- 
tion anrangement incorporated within a parallel hy- 
brid vehicle configuration, 

30 Figure 2 is a graphic representation illustrating the 
rotational dynamics of an input transmission shaft, 

Figure 3 is a graphic illustration illustrating the elec- 
trical torque assistance provided to the input trans- 
35 mission shaft; and 

Figure 4 incorporates respective graphic illustra- 
tions showing the torque, rotational velocity and 
control logic signal with time during a gear change. 

40 

[0012] In order to eliminate the undesirable partial 
clash phenomenon of audible crunch and gear selector 
lever whip it is proposed in accordance with the present 
invention to provide means by which the torque losses 

45 within the transmission at the point of gear synchroni- 
sation are cancelled out. In such circumstances, the ro- 
tational velocity differential will be eliminated and so the 
possibility of partial clash Is substantially diminished. 
[0013] Figure 1 illustrates in schematic fashion a typ- 

50 leal parallel hybrid vehicle configuration Incorporating a 
gear selection arrangement in accordance with the 
present invention. Thus, an electric motor 1 powered by 
a battery 1 0 can provide torque to an input shaft 6 under 
the control of a controller 4. Similariy, an engine 7 can 

55 provide torque through an engine drive shaft B to a 
clutch assembly 9 comprising respective plates 11, 12 
associated respectively with the engine drive shaft 8 and 
the input shaft 6. In such circumstances, it will be appre- 
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ciated that torque provided to the input shaft 6 then 
drives a speed change transnnission 1 3 which will typi- 
cally incorporate several gear ratio combinations in or- 
der to drive a main shaft 14. It will be understood that 
the electric motor 1 can directly drive the input shaft 6 
as specific operation is controlled by the controller 4 
such that the rotational speeds of the main shaft 1 4 and 
input shaft 6 can by synchronised to allow torque cou- 
pling therebetween. It is this synchronisation which cre- 
ates the partial clash with its undesirable audible noise 
and gear knob whip. 

[0014] The present gear selection arrangement also 
includes in one embodiment a main shaft and velocity 
sensor 2 to detennine the rotational speed of the main 
shaft 1 4 along with a gear ratio combination sensor 3 to 
detennine the specific gear ratio in which the transmis- 
sion 13 is operating and a clutch sensor 5 to determine 
when the clutch assembly 9 Is in neutral such that the 
plates 11,12 are not in compressive abutment or other- 
wise in order to couple the engine drive shaft 8 and the 
input shaft 6 together in order to transfer torque there- 
between. Clearly, the sensors 2, 3, 5 are all coupled to 
the controller 4 in order that that controller 4 can deter- 
mine the status of each sensor 2, 3, 5 and so appropri- 
ately control gear selection arrangement. 
[0015] It will be understood that in selecting a gear 
ratio in the transmission 13 there Is an inherent time pe- 
riod associated with a coupling passing a baulk ring and 
engaging the clutch gear. This time period is in the order 
of 30 to 50 milliseconds. During this time period the dy- 
namics of the input transmission shaft are given by the 
graphic representation depicted In Figure 2 in which tgl 
denotes effective loss torque, j equals the Inertia of the 
input pinion shaft and XI is the rotational velocity of the 
input pinion shaft. It will be understood that the torque 
losses acting on the input pinion shaft are a function of 
the lubricant temperature and the pinion shaft rotational 
velocity. 

[0016] Generally, it is known that the occurrence of a 
break in synchronisation and thus a partial clash Is more 
pronounced during upshifts in gear ratio In comparison 
with downshifts in gear ratio. Thus, in accordance with 
the present invention, the electric motor 1 acts as an 
independent drive means in order to enable decelera- 
tion of the input pinion shaft to a rotational velocity below 
that desired speed for synchronisation. 
[0017] Typically, this desired speed for synchronisa- 
tion is given by the relationship XI = N.XM where XI Is 
the desired rotational speed, N is the gear ratio of the 
transmission 13 and XM is the rotational speed of the 
main shaft. It will be understood that if the rotational 
speed of the Input pinion shaft is altered to be below that 
Idealised for synchronisation then irrespective of the ac- 
tual gear shift being performed the speed change trans- 
mission 13 will always effectively perfonn a downshlft- 
type gear change in which the input shaft 6 is Increasing 
in speed to synchronise with the main shaft 14 rather 
than decelerating. As indicated previously, such down- 



shift-type gear changes generally produce less partial 
clash and therefore audible noise and gear lever whip. 
[001 8] Figure 3 illustrates the electrical torque assist- 
ance provided by the electrical motor 1 to the input pin- 
5 ion shaft wherein previous torque has been carried over 
and tm denotes electrical motor torque. Thus, it will be 
seen that the electrical motor torque effectively opposes 
transmission 13 gearbox loss torque such that there is 
an overall reduction In the net torque acting on the Input 
shaft 6. 

[0019] The manner of operation of the electric motor 
1 will be clearly understood by those skilled In the art. 
Effectively, the motor 1 through its couplings to the input 
shaft 6 will provide the torque which in effect compen- 
sates for the transmission 13 torque losses as a result 
of friction and drag etc. In such circumstances, the ro- 
tational speed of the input shaft 6 can be altered when 
the speed change transmission 1 3 is in neutral such that 
it Is lower than the desired rotational speed of the main 
shaft 40. 

[0020] As Indicated with regard to the above relation- 
ship in respect of XI, it is desired that the rotational 
speed of the input shaft 6 is below the rotational speed 
of the main shaft 14 multiplied by the gear ratio of the 
transmission 13. In such circumstances, when a gear 
selection is made by the driver through the transmission 
13 it will be understood that the rotational speed of the 
input shaft 6 is de-coupled from the engine drive shaft 
8 and the main shaft 14 will always be lower than the 
synchronised relative rotational speeds between the in- 
put shaft 6 and the main shaft 14. In essence, the input 
shaft 6 will then upon selection in the transmission 1 3 
always require acceleration as in a downshift gear 
change in order to become synchronised with the main 
shaft 14 through the transmission 13 and Its selected 
gear ratio, 

[0021] Figure 4 illustrates a typical second gear to 
third gear up-shift gear change in a motor vehicle as It 
traverses substantially level terrain. As illustrated, typi- 
cally, the input pinion shaft velocity will be in the order 
of 300 rads per second and the gear change will be con- 
trolled electronically in accordance with the described 
previous relationships. Thus, during the normal time pe- 
riod that a transmission is in neutral i.e., the input shaft 
6 is de-coupled through the speed change transmission 
13 from the main shaft 14, the input pinion shaft Is de- 
celerated to a value In the present example in the order 
of 40 rads per second below the desired rotational ve- 
locity given by the relationship above. This reduction in 
the rotational speed of the main shaft is shown in Figure 
4b by solid line 42. 

[0022] In Figure 4a it will be noted that broken line 31 
indicates the torque provided to the Input shaft by the 
electric motor 1 in order to produce the deceleration to 
a value below the desired velocity as described previ- 
ously. Clearly, this torque applied to the input shaft is 
controlled by the controller using a series of demand sig- 
nals depicted as solid line 32 utilised as control signals 
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activating reciprocal action in the electric motor to apply 
the desired level of torque to the input shaft sequentially. 
[0023] The solid line 42 depicted in Figure 4b repre- 
sents variation in the rotational velocity of the Input shaft 
over the time period of a gear selection change. It wili 
be noted that due to the affect of the torque applied to 
the input shaft by the electric motor at the end of the 
normal 0.2 second time period In which the speed 
change transmission is in neutral that the input shaft has 
a rotational speed below the desired rotational speed 
41 for synchronisation with the main shaft. Thus, the In- 
put shaft must accelerate to that desired speed for syn- 
chronisation rather than decelerate. In such circum- 
stances, as described previously generally, the partial 
clash in the transmission will be less Invasive and pro- 
duce lower audible noise and gear lever whip etc. 
[0024] In accordance with the present invention es- 
sentially the synchronisation strategy to match the rota- 
tional speed of the shafts 6, 14 always ensures an ef- 
fective down shift is produced in the Input shaft 6 to main 
shaft 14 gear selection process. As illustrated in Figure 
4, typically, the whole synchronisation and engagement 
process will take up to 0.6 seconds. Once full engage- 
ment of the desired gear is achieved the torque demand 
signal to the electric motor from the controller can return 
to zero as indicated and illustrated in Figure 4c. 
[0025] Figure 5 Is a graphic illustration depicting the 
respective torque factors acting upon the input pinion 
shaft during gear selection engagement. The time peri- 
od depicted in Figure 5 is essentially the 0.48 to 0.52 
second time period in which synchronisation occurs. 
Thus, it will be noted that the respective torques from 
the electric motor decelerating the input shaft and the 
gearbox loss torque are opposed. In such circumstanc- 
es, the net torque upon the input shaft pinion Is reduced 
to zero. Clearly, after synchronisation at 0.62 seconds, 
the gearbox loss torque 51 remains but the applied 
torque from the electric motor 52 diminishes as it is no 
longer required In order to alter the rotational speed of 
the input shaft for the purpose of ensuring an effective 
downshift gear selection irrespective of the actual gear 
selection direction. 

[0026] In a conventional speed change transmission 
it will be understood that normally there will be a drag 
torque in the order of five Nm and this will result in the 
input pinion shaft velocity varying approximately by 70 
rpm from the required synchronisation velocity during 
the engagement process. 

[0027] It will be understood that the present gear se- 
lection arrangement may be used with regard to con- 
ventional manually operated transmission or a fully au- 
tomated manual transmission or a part-automated 
transmission with a manual clutch and automatic gear 
selection arrangement. Furthermore, it will be under- 
stood that the input shaft rotational velocity can be de- 
termined by a consideration of the back emf from an 
electric motor used at the independent drive means for 
altering rotational speed of the Input shaft. Thus, a spe- 



cific direct measurand sensor for the input shaft velocity 
is not required. 

[0028] Generally, in accordance with the present in- 
vention It will be appreciated that the time period during 
5 which the transmission arrangement and in particular 
the gearbox is in a neutral state where the input shaft 6 
and the main shaft are not coupled together is utilised 
in order to decelerate the Input shaft to a velocity just 
below that required to engage new gear during particu- 
10 larly a up-shift in gear ratios. 

[0029] It will be appreciated that the present invention 
could also be used with so called clutchless powertrain 
arrangements where the engine is effectively de-cou- 
pled as a drive source by the engine management con- 
is trol system switching off the engine during gear chang- 
es. Thus, during these time periods of effective drive de- 
coupling, the independent drive means can alter the In- 
put shaft speed as required to always effectively provide 
a downshift gear change regime. In these circumstanc- 
es, the engine management control systems is an effec- 
tive clutch means to selectively couple an engine drive 
shaft to the input shaft operationally in terms of power 
transfer even though there is always a mechanical cou- 
pling therebetween. 



Claims 

1 . A gear selection arrangement for a motor vehicle, 
the arrangement comprising clutch means ar- 
ranged to selectively couple drive between an en- 
gine drive shaft to an I nput shaft for a change speed 
transmission in order to drive a main shaft coupled 
to that transmission, the arrangement character- 
ised in that the input shaft Is associated with inde- 
pendent drive means and the arrangement includes 
a controller coupled to the independent drive means 
and to respective sensors to detemiine when the 
clutch means does not couple the engine drive shaft 
to the input shaft so that the rotational speed of the 
Input shaft is altered by the Independent drive 
means to be below the desired speed for synchro- 
nisation with the main shaft whereupon when the 
input shaft Is brought into synchronisation to couple 
the input shaft to the main shaft it is always the 
equivalent of a downshift gear change. 

2. An arrangement as claimed in Claim 1 wherein the 
Independent drive means is an electric motor. 

3. An arrangement as claimed in Claim 1 or Claim 2 
wherein the independent drive means Is arranged 
to alter the rotational speed of the input shaft in the 
time period normal for a neutral transmission status 
and a neutral clutch status when the engine drive 
shaft is not drive coupled to the input drive shaft. 

4. An an^ngement as claimed in any preceding claim 
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wherein the desired speed is given by the relation- 
ship XI = (N.XM) - offset quotient wherein XI is the 
desired rotational speed, N is the gear ratio of the 
speed change transmission and XM is the main 
shaft rotational speed and the offset quotient Is in s 
the order of 40 rad/s. 

5. An arrangement as claimed in any preceding claim 
wherein the controller can detemiine the rotational 
speed of the input shaft by consideration of a back io 
emf from the independent drive means. 

6. An arrangement as claimed in any preceding claim 
wherein the independent drive means applies a 
torque to the input shaft sufficient to reduce the is 
speed of rotation to 40 rad below the desired speed 

of rotation for synchronisation with the main shaft. 

7. A gear selection arrangement substantially as here- 
inbefore described with reference to the accompa- 20 
nying drawings. 
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